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It is observed that the hook opening response of etiolated
mungbean seedlings is controlled by ethylene. Ethylene production
rate in the excised hook segments was 0.120 nl/g/hr. 350 ppm exogenous
ethylene completely prevented the hook from opening even under light
condition. Moreover, it is observed that light inhibited 43% of
endogenous ethylene production in the excised hook segments. In
addition, chemicals that enhanced ethylene production, such as ACC
and methionine, inhibited hook opening under white light.
The ethylene precursor (ACC) and its bound form (C-ACC) in
mungbean seedlings were also measured in this study. Hook region
consisted 8.1% of ACC and 6.5% of T-ACC (C-ACC= T-ACC- ACC), and
it accounted for 8.8% ethylene production in mungbean seedlings.
During the course of illumination, there was a two folds increase
in conjugated form of ACC and a slight decrease in ACC content in
hook sections of intact plants. The decrease of ACC level was
probably due to the increase of T-ACC which was resulted from ACC
conjugation process enhanced by light. From the studies of exogenous
ACC on excised hook segments, tissues were either pre-incubated
1 hr or continuously incubated 20 hrs in ACC, the effect of light
on the enhancement of conjugated-ACC formation was also confirmed.
Thus, the decrease of ethylene production in light in the hook region
may probably due to the ACC-conjugation process, and eventually
leads to the hook opening response.
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Introduction
During the development of dicotyledonous seeds,a unique hook-
like structure is formed in the axis just below the unexpanded plumule
(Skene, 1969). In the process of germination, this hook, after
emerging from the soil surface and in the presence of light, unfolds
itself (Goeschl et al, 1967).
Since the hook will not open in the presence of ethylene and
light inhibits ethylene production in hook region (Kang et al, 1967
Samimy, 1978), it has been proposed that the folding and unfolding
of hook is controlled by the amount of ethylene produced in that
region which is in turn controlled by light.
The biosynthesis of ethylene, using methionine as precursor
via SAM and ACC (Adams and Yang, 1979), in many plant tissues were
subjected to stress. The release of the stress caused a sharp decline
in ACC level and increase in conjugated-ACC level (Apelbaum and
Yang, 1981). Recently, the conjugated-ACC has been identified as
malonyl-ACC by Hoffman et al (1982) and Amrhein et al (1981) separately.
In this investigation, the effect of ethylene and light on
hook opening was re-examined. The correlation between ACC and C-




Methionine has been demonstrated as the precursor for ethylene
synthesis in both in vitro as well as in vivo. In apple tissue,
it has been shown that ethylene is derived from the carbon 3 and
4 of methionine via SAM and ACC (Lieberman, 1979 Adams and Yang,
1979). The moiety of methionine is recycled back to form methionine
via MTR (Yung et al, 1982 Wang et al, 1982). High ethylene production
and high level of ACC are detected in plant tissues subjected to
stress. However, the release of stress causes the reduction in
ethylene production as well as ACC content (Apelbaum and Yang, 1981).
The decrease in ACC level is resulted from the increase in conjugated-
ACC. The conjugated-ACC has been identified by Hoffman et al (1982)
and Amrhein et al (1981) as malonyl-ACC.
General features of hook opening phenomenon
Two terms, epinasty and hyponasty, should be clarified and
defined before discussing the hook opening response of dicotyledonous
seedlings. Epinasty is used when there is a more rapid growth on
the dorsal side than the ventral side of an organ while hyponasty
is used when the opposite phenomena occur. There are many kinds
of epinasty in plants including leaf petiole epinasty, leaf unrolling
of grass seedlings and the one, discussed in this study, the epinastic
formation and the hyponastic opening of plumular or hypocotyl hooks
of dicotyledonous seedlings. The epinastic formation and hyponastic
opening of hooks are found to be controlled by ethylene (Kang et
al, 1967). Further investigations have.suggested that the regulation
of hook formation and opening is not only controlled by ethylene
5but rather by the balance of dif f ere tit hormones (Yopp el al. 1979).
Hook development
Rubinstein (1971a, 1971b) suggested that the formation of
hook of dicotyledonous seedling is the intrinsic characteristic
of tissue. Karve (1964) stated that the hook is formed in response
to gravitational stimulation. Skene (1969), in studying the embryo
excised from immature seeds, found that the formation of hook was
in the early stages of embryonic development. The formation and
maintenance of the hook is apparently due to the epinasty growth
of the seedling.
Hyponastic opening of hook- light effect
It has been reported (Klein, 1959 Mohr and Haug, 1962 Kang
and Ray, 1969a) that the inner side of the hook elongated while
the outer side remained unchange in length when etiolated dicotyledonous
seedlings were illuminated. This uneven elongation caused the hook
to open. In addition, red light induces hook opening while far
red light reverses the effect, so they suggested that this photo-
morphogensis phenomenon is controlled through phytochrome. However,
the rate of opening is also increased by continuous irradiation
with blue light (Withrow et al, 1957), an effect which may be due
to the involvement of the HIR (high intensity reaction) system (Kujawski
and Truscott, 1974).
Photoreceptive site and reaction center
In order to have a better understanding of the effect of light
in causing hook opening, it is important to locate the actual photo-
receptive site where the photoreaction of phytochrome pigments takes
place. Klein (1965), in studying the opening of bean hook, has
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shown that the strongest receptive site is probably in the Ilypocooty]
region. He suggested that there are several zones of perception
and that irradiating the shank zone of hypocotyl might cause the
activation of a compound which moves acropetally from the hypocotyl
shank to the zone of cell elongation, i.e. in the arch region.
Thus photoreceptive site may not necessary be the reaction center.
On the other hand, biophysical mechanisms for the transmission of
a perceived stimulus from one part of a plant to another probably
takes place by means of bioelectric potential changes. DeGreef
et al (1976) found that the hook opens if it is directly irradiated
with red light, it may also open if the leaves alone are irradiated
with red light, but the extent of opening is smaller than if the
hook is directly exposed. If the entire plant system is exposed
to far red light, the hook opening can be photoreversibly controlled.
However, if the leaves alone are exposed to far red light, there
is no effect on the subsequent opening of the hooks. According
to these findings, DeGreed et al (1976) suggested that there is
a rapid transmission from the site of perception in the leaves to
the site of response in the hook within a few seconds and that this
fast signal transmission is probably through the bioelectric potential
changes. However, there are ways in which integration of sensory
systems in plants may occur by other mechanisms.
The diversity of the results obtained by the above authors
is probably due to the work done by different kinds of masking and
shading techniques and there is no concrete evidence to prove or
disprove their results. Porath et al (1980), in studying the
hook opening response in cucumber seedlings, they found that there
was difference in photoreceptive site of red and far red light by
using light-conducting fibers in dark. Hook opening in etiolated
cucumber seedlings was induced by narrow band of highly localized
7red and far red low energy light l)Ltl ses. The l i.ghL was transini. Lted
by light conducting fibers to the restricted areas of the seedlings.
The photoreceptive site for the red stimulus was predominantly localized
in the hook region and the photoreceptive site for far red was more
dispersedly localized in the cotyledon. They claimed that the differences
in photoreceptive sites for the same photomorphogenic response
may indicate different mechanisms of action for the two kinds of
light.
Iii contrast to the photoreceptive site, the reaction center
of hook opening has unanimously been ascertained to be on the hook
region, where cells of inner side of the hook expand more rapidly
than the cells of the outer side, leading to the hook to open (Klein,
1959 Mohr and Haug, 1962 Kang and Ray, 1969a).
Hook opening in relation with other organs
The organs and tissues adjacent to the hook influence light-
induced opening, but the effect differs in different species. Klein
et al (1965) showed that light-induced hook opening in beans was
inhibited in the presence of the cotyledons. A similar result has
also been obtained by Powell and Morgan (1970) in bean hooks. But
in cotton seedling, cotyledons have stimulatory effect on hook opening.
The presence of root stimulates light-induced opening in cotton
but has little effect in bean. Rubinstein (1971a) has demonstrated
that the hypocotyl area just below the hook was necessary for light-
induced opening of bean hypocotyl hook, and he postulated that this
tissue produced a promotor for hook opening. In species other than
beans, in the absence of cotyledons, the root stimulates light-
induced hook opening in cotton but inhibits in sun flower and morning
glory. Gee and Vince-Prue (1976) postulated that the apical portions
of mungbean seedlings produced a hook shutting factor (HSF) and
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this facter was inactivated by fight. Thus, it appears That the
opening of hypocotyl hook is dependent upon Ville presence, of a proper
balance of hormones which can be supplied by organs and tissues
either above or below the hook. Different species may obtain this
balance in a different manner, giving rise to the variability observed
in those studies.
Hormonal interaction in hook opening response
Klein et al (1956) first demonstrated auxin inhibits hook
opening and induces hook closure (Klein et al, 1957). Later, it
has been shown that auxin antagonists such as napthylmethyl sulfide
acetate and p-chlorophenoxyisobutyric acid, cause the hook to open
(Klein, 1965 Kang and Ray, 1969b). However, direct measurements
of diffusible auxin from the hook tissue fail to demonstrate the
decrease in free auxin during the hook opening process (Kang and
Ray, 1969b). However, Rubinstein (1971b) found that red light stimulates
the transportation of auxin in the inner side of hook thus leads
to a decrease of auxin level in the hook tissue.
The importance of ethylene in the hook opening process was
noticed by Goeschl et al (1967) and Kang and Burg (1972a), they
found that ethylene induced hook formation in light grown pea seedlings.
Burg and Burg (1968a 1968b), showed that endogenous ethylene is
important for the formation and maintenance of the hook. Its function
is as a natural agent for seedling hook formation. Kang et al (1967)
showed that red-light-induced hook opening can be attributed to
the inhibition of ethylene production by red light. The rates of
both endogenous and auxin-induced ethylene production in red light
treated tissues were lower than those in dark control. Similar
results were obtained in bean hook opening process (Abeles et al,
1966 Holm and Abeles, 1968). However, light do not completely
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remove the response of apical hook to ethylene, for the hook can
be reclosed of ter it has been allowed to open following exposure
to light. Burg and Burg (1968) and Goeschl et al (1965, 1966, 1967)
showed that low concentrations of applied ethylene would block the
photoaccelerations of apical bud expansion and hook opening in etiolated
seedlings. It was then found that these apical tissues of etiolated
seedlings were the major site for ethylene production and that the
exposure of these tissues to light results in a sharp decrease in
ethylene production which correlated with the acceleration of growth.
Other hormones, such as GA, ABA, cytokinin are also found
to take part in this process. GA induces hook opening in beans
(Klein, 1965), peas (Nakamura et al, 1966) and cottons (Powell and
Morgan, 1970), but induces hook closure with ethylene in lettuce
(Poovaiah and Leopold, 1974). Exogenous application of GA and KN
to root appears to inhibit hook opening (Gee, 1977). ABA prevents
light-induced opening of bean hypocotyl hook, but fails to induce
hook closure at concentration above 2.5 ug ml -1 (Gee, 1977). It
is probably due to the inhibition of cellular growth (Kang and Ray,
1969b).
A variety of other substances have been reported to have effects
on hook opening process. The effects of these substances can be
explained mainly by their actions on the endogenous hormone systems.
Triiodobenzoic acid inhibits hook opening of isolated hypocotyls,
presumably by inhibiting transport of auxin from the hook to the
basal part of the hypocotyl (Rubinstein, 1971b). By contrast, morphactin
supplied to the whole seedling of Cardamine chenopodifolia can induce
hook opening (Lorenzen, 1968), possibly by inhibiting auxin transport
into the hook. Coumarin (Morgan and Powell, 1970) and malformin
(Curtis, 1969 Curtis and John, 1975), both of which are known to
induce ethylene production in plant tissues, inhibit hook opening
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of bean hypocotyls. On tiler other hand, applicalion of agenis lhai
inhibit ethylene biosynthesis, such as acetylcholine (Pum ps, 1976),
cobalt ion (Kang and Ray, 1969b Grover and Purves, 1976 Lau and
Yang, 1976), and some antibiotics (Kang and Ray, 1969c) cause hook
opening. This anti-ethylene effect can also be produced by CO2 (Kang
and Ray, 1969a), hypobaric treatment (Kang and Burg, 1972a & b) benzo-
thiadiazole (Parups, 1973) and silver ion (Beyer, 1976). Some
inorganic ions at high concentrations change the effectiveness of
hormones (Probably through their interaction with proteins), and
strongly influence the hook curvature response of lettuce seedlings
(Poovavah and Leopold, 1974).
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Materials and Methods
Plant material Mungbeans, Phaseolus sybge L...imported from mai nl and
China were purchased from the local supermarkets and used in the
experiments. After surface sterilization with 50% Clorox for 10
minutes, seeds were imbibed and aerated overnight, and were planted
in strips of wet paper towel. Seeds were then put in darkness and
allowed to germinate at about 20°C. Four to five day old seedlings
were used for the experiments.
Light source and light treatments Four to five day etiolated seedlings
or excised tissues were put under white light source, which is produced
from a combination of three day-light fluorescent lamps (120W) and
eight tunsten light bulbs (200W) with light of innrn-
ximately 1600 Lux...
Measurement of hook angle The 4 to 5 days old seedlings with sharply
curved hypocotyl hooks were used. The angles between the epicotyl
and the hypocotyl were measured (Figure A). Before the measurement,
cotyledons were removed and the seedlings were fixed with liquid nitrogen
to prevent further change in the hook angle. Twenty hook angles
were measured at each time.
Measurement of ethylene
a) Endogenous ethylene production of seedlings Three seedlings
were put into a 20 ml test tube and sealed with a serum cap. At
fixed time intervals, 1 ml of gas sample was determined by gas
chromatography (Hewlett Packard 7620A Research Chromatograph) which
was equipped with an alumina oxide column and a flame ionization
detector. Ethylene production was determined with at least 3
12
Figure A A diagram showing the hook section of a seedling. The







replicates, and is expressed as nl C H,seedling, h2 4
b) Ethylene production after chemica1 treatment (excised hook
segments) Hook segments were excised under green light and incubated
in a 25 ml vial containing 0.5 ml of 0.05M K HPO (pH 6) buffer and2 4
different chemicals as required. The vial was then sealed with
serum cap and put under dark or light condition.
Measurement of ACC and conjugated-ACC Twenty hook segments were
homogenized with 2 ml 80% ethanol in pre-chilled mortar and the
mortar was washed with an additional 2 ml ethanol. After centrifugation,
half of the supernatant was used for the measurement of ACC, the
other half was hydrolysed with 6N HC1 at 100°C for three hours for
the measurement of total ACC (T-ACC). ACC was assayed according
to the method of Lizada and Yang (1979). Conjugated-ACC was calculated
from the difference between total ACC and free ACC.
Measurement of Activity and Electrophoresis separation of Peroxidase
Peroxidase was extracted with 1 ml 0.1M K HPO, (pH 6). After2 4
centrifugation by Sorval SS34 at 8000xg for 30 min., 0.1 ml of super¬
natant was subjected to enzyme assay. One unit of peroxidase activity
is defined as 0. 1A .min.mg. soluble protein. Reaction mixtures
470
contain 1 ml of lOmM Sodium Phosphate buffer (pH 7), 2 ml of 20mM
quaiacol and 0.15 ml of 20mM 2' Peroxiclase isoenzymes pattern
was obtained by discontinue polyacrylamide gel electrophoresis
according to the method of Davis (1964). Isoperoxidases were stained
by benzidine and hydrogen peroxide.
Measurement of Protein Protein contents in the crude peroxidase
were obtained by the method of Dowry et al (1951) using BSA as standard.
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Results
Morphological changes during mungbean seedlings development
Figure 1 shows the development of mungbean seedlings which are
arbitary divided into five stages. In summer with ambient temperature
about 26°C, it requires 5 to 6 days to develope from stage 1 to
stage 5, while in winter with temperature about 15°C, 8 to 9 days
are required.
Effect of root and/or cotyledons on hook opening
Etiolated seedlings (4 to 5 days old) were divided into 4 groups
of 10 seedlings each, one group with both root and cotyledons intact
as control, while the other three groups with either root, cotyledons
or both root and cotyledons removed. Table la shows the degree
of hook opened of mungbean seedlings with or without root and/or
cotyledons. With cotyledons removed, the hook angles of seedlings,
after 12 hours illumination, were 85.4±21.1 and 54.5±15.0 degrees
with or without root attached respectively while without removal
of cotyledons, the hook angles were 38.6±15.4 and 4.4±4.4 degrees
with or without root attached respectively. The hook angles were
larger in seedlings with cotyledons removed.
From Table lb, the differences of hook angles of seedlings
between with and without cotyledons removed were 46.8 and 80.1 degrees
increased in hook angles in seedlings with or without root attached
respectively. With root removed, there were 34.2 and 30.9 degrees
decreased in hook angles in seedlings with or without cotyledons
removed respectively. It appears that the removal of cotyledons
has stimulatory effect while the removal of roots have inhibitory
effect on hook opening. Since, Hook angles of tissues (cotyledons
and root intact)+ Hook angles of tissues (cotyledons and root removed)
Hook angles of tissues (cotyledons removed and root intact)+
Hook angles of tissues (cotyledons intact and root removed), it
16
Figure 1 Morphological changes of rnungbean seedlings during development
In stage 1 hypocotyl emerged from the lower part
of the embryo.
In stage 2 hypocotyl hook became conspicuous and
certain degree of differentiation,
resulted in root initiation.
In stage 3 hypocotyl rapidly elongated and the
plumule of the seedling began to
differentiate.
In stage 4 a pair of leaves emerged from the cotyledons
In stage 5 epicotyl grew out and the plumular hook

















Table la Effect of Root andor Cotyledon on Hook Opening























r: removed; i: intact
seems that cotyledons and root affected the hook opening independent;] y.
Effect of light on opening of hook in intact seedlings
Figure 2 shows the effect of light on hook opening in intact
seedlings. It appears that there was a lag period of about 4-6
hours before hook opening after the etiolated seedlings were illuminated
by white light. After 12 hours of illumination, the hook opened
to 100°. On the other hand, seedlings remained in dark showed no
significant change in hook angles during 12 hr period of illumination.
The hook angles of seedlings in dark were about 30% of that in the
light treated one after 12 hr.
Hook opening response of excised hooks
Hooks of excised segments also opened when put under light,
although the opening rate was slower than those in intact plants
(Fig. 3) Inner halves and outer halves tissues of the hook segments
dividied by razor blades were also responsed to light. The changes
in angles upon illumination at 20 hr and 36 hr are shown in Figure
4. In Figure 4, there were 50° increase of hook angles after 36
hr illumination in the inner halves and only 15° increase in the
outer halves. The direction of light showed no relation to hook
opening response, since the hook angles also increased when excised
hooks were laid on petri dishes and illuminated with light. Figure
4 showed the angles of inner halves of the hook increased more rapidly
than those of the outer halves. The combine effect of the two halves
caused the straightening of the hooks.
Effect of exogenous ethylene on hook opening
When seedlings were put into chambers containing 350 ppm of
ethylene, hooks did not open until ethylene was released. It seems
Filgure 2 Effect of light on opening of the hook in intact seedlings
Twenty hook sections of intact seedlings were measured
with their hook angles and discarded at each 1 hr interval,







0 2 4 6 8 10 12
HOURS
degree
Figure 3 Effect of light on opening of excised hook segments
Forty hook sections of seedlings were excised under
safe green light and laid in two petri dishes, 20 hooks
each. They were then half covered with 0.05M phosphate
buffer (pH 7) before light and dark treatments. Results









Figure L Effect of light on opening of inner and outer part:
of excised hooks
Similar manipulations as described in Figure 3,
furthermore, the excised hooks were divided into inner











that exogenous ethylene inhibited hook opening even under light.
In Figure 5, seedlings treated with ethylene for 12, 24 and 36 hours
showed a rapid increase of hook angles during the first 12 hours
after ethylene was removed. In the batch of seedlings treated with
ethylene for 48 hours, hooks began to open before ethylene was removed.
In Figure 5b, it showed an acceleration of opening rate of those
plants which were subjected to longer ethylene treatment. The rate
of hook opening, expressed as .6 degree/10 hr or 12 hr against hours
after ethylene release showed similar pattern.
Effect of light on peroxidase activity and isoperoxidase pattern
Figure 6 shows peroxidase activity and isoperoxidase patterns
of hook segments of seedlings under illumination. There was no
difference both in activity as well as isoperoxidase pattern in
the first 4 hours of illumination. A rapid increase of peroxidase
activity from 4 to 7 hr was observed. The activity increased about
27% in this 3 hrs period. Two new bands of isozymes were also observed.
However after 7 hr, one of the two induced bands disappeared with
a corresponding decrease in peroxidase activity.
Effect of ethylene on peroxidase activity
Four-day-old etiolated seedlings in a transparent chamber filled
with 350 ppm ethylene were put under light. After 48 hr, ethylene
was released and peroxidase activity was then assayed at I hr interval.
The effect of ethylene on peroxidase activity is showed in Figure
7. A higher peroxidase activity, about 80 units, was observed as
compared with seedlings without ethylene treatment (Fig. 6). In
ethylene treated seedlings, the peak of activity was shifted an
hour earlier than those plants that had not been treated with ethylene.
There was 25% more peroxidase activity in the peak of the ethylene
25
Effect of exogenous ethylene on hook openingFigure 5a
Four batches of seedlings were put into 4 transparent
chambers containing 350 ppm of ethylene each, and then
illuminated with light. The four batches of seedlings
were released from ethylene treatments after 12, 24,
36 and 48 hrs subsequently. Twenty hook angles were
measured after ethylene had released for 2, 4, 6, 8,
10, 12 and 24 hrs.
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Figure 5b Acceleratlon of hook opening in seedlings with longer
ethylene pre-treatment
Data are obtained from Figure 5a. Rate of book
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Figure 6 Effect of light on peroxidase activity and isoperoxidase
pattern
Peroxidase activity is represented by units of
A min.mg protein, the means± S.E. of duplicated
samples are shown. Isoperoxidase bands were stained









Figure 7 Effect of ethylene on peroxidase activity
Four day old etiolated seedlings in a transparent
chamber filled with 350 ppm ethylene were put under
light. After 48 hrs, ethylene was released and peroxidase
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Ethylene production from different parts of seedlings
Table 2 shows the endogenous ethylene production from different
parts of seedlings in light and dark. From Table 2, only leaf+bud
and hook tissues showed significant light inhibition of ethylene
production. There were 25% and 43% inhibition respectively. In
cotyledons and root tissues, there was no significant light inhibition
of ethylene production. In hypocotyl tissues, light had no inhibitory
but rather a slight stimulatory effect (approximately 10%) on ethylene
production. Ethylene production from the hook region was approximately
5% among the seven portions of the whole seedling in light and less
than 9% in dark. Most of the ethylene production in the seedlings
were confined to hypocotyl (43%), and root tissues (40%) in dark.
Ethylene production of intact plant in light and in dark
In Figure 8, it showed about 50% inhibition of ethylene production
in the whole seedling in light as compared in dark. Total ethylene
production per seedling was 0.2 nl per 22 hours in dark, while 0.1
nl in light when seedlings were returned to dark after 12 hours
of illumination, the inhibition of ethylene production cannot be
res :o ed.
The significant inhibitory effect of light on ethylene production
in intact plants was not observed in excised seedlings. Moreover,
there was 3 to 4 folds increase in ethylene production of excised
seedlings in dark and in light (Fig. 9).
Effect of light on ACC-dependent ethylene production in whole seedlings
The time course of the rate of ethylene production (nl C2H4/
34
Table 2 Ethylene Production from Different parts of Seedlings
Organ nl C2114/l2hrs/gm fresh wt.
Light Dark
leaf+ bud 1.85±0.18 2.47±0.08
cotyledon 0.17±0.04 0.18±0.01
hook 0.82±0.15 1.44±0.24
0.82±0.05hypocotyl (upper portion) 0.96±0.12
0.85±0.01 0.83±0.05hypocotyl (middle portion)
0.73±0.02hypocotyl (lower portion) 0.80±0.02
root 2.11±0.20 2.19±0.10
nl C2H4/12 hrs/20 organs L/D
leaf+ bud 0.38±0.04 0.51±0.02 75
cotyledon 0.23±0.06 0.25±0.01 94
hook 0.43±0.08 0.75±0.13 57
1.20±0.15 1.03±0.07hypocotyl (upper portion) 116
1.35±0.01 1.28±0.07hypocotyl (middle portion) 105
1 .34±0.03hypocotyl (lower portion) 1.46±0.03 109
root 3.31±0.26 3.43±0.15 96
Total 8.35±0.31 8.600.22 97
35
Figure 8 Ethylene production of intact plant in light and in
dark
Three 4 day old seedlings were put in a 20 ml test
tube and sealed with a serum cap. Test tubes were then
put under light and dark, 1 ml of gas was drawn for
ethylene analysis at 4, 8, 12 and 22 hr. One group
of seedlings were transferred from light to dark after














Comparison of ethylene production of intact and excisedFigure 9
plants
The data are obtained from Table 2 and Figure 8.
The comparison is made by nl C2H4/20 seedlings/12 hr












seedling/hr) and total ethylene production(nl C2 H4/seedling) are
shown in Figure 10a and 10b. Mungbean seedlings showed an increase
in ethylene production after sprayed with ACC. Total ethylene production
increased 85 and 260 folds in the first four hours in dark and in
light respectively. The ethylene production rate of both treatments
reached the maximum values after 8 hours (about 150 folds in dark
and 425 folds in light), and then dropped gradually to the same
level after 12 hours. The ethylene production in light was higher
than that in dark when exogenous ACC was applied (Fig. 10a). Figure
10h showed that after 12 hr, accumulated ethylene in light was about
2 times of that in dark (58 nl C2H4/seedling in light, 26 nl/seedling
in dark).
Effect of light on ACC-dependent ethylene production in excised
hook segments
Table 3 and Figure 11 showed the exogenous ACC application
stimulated ethylene production by excised hook segments and light
inhibited ACC-dependent ethylene production in general. Little
or no effect on ethylene production in both light and dark was observed
at 10-6M ACC. it is probably due to the concentration of ACC applied
was too low. At 10-2M of ACC, excised hook segments produced the
same amount of ethylene in both light and dark. This might be due
to the concentration applied was too high. There was about 20 folds
increase in ethylene production from segments treated with 10-4M
ACC in comparison with control (Fig. 12). Control segments showed
a linear relation of ethylene production with time, while 10-4M
ACC treated segments showed anexponential increase of ethylene production.
This exponential increase is probably due to the increase in diffusion
of exogenous ACC to inner layers of cells which also have ethylene
forming capability during the incubation period. It is also noted
40
Figure 10a & 10b Effect of light on ACC-dependent ethylene production
in whole seedlings
Four day old etiolated seedlings were
sprayed with 20 ml of 1 mM ACC under green
light. They were then separated into light
and dark groups. The ethylene production in
0-4, 4-8 and 8-12 hr was measured. The ethylene
production was determined with at least 4 replicates.
Rate of ethylene production (nl C2H4/seedling/hr)
and total ethylene production (nl C2H4/seedling)























Table 3 Exogenous ACG on Ethvlene Prnrlnrt-inn
nl C2 H4/20 hooks














































































Figure 11 Log dose response of ACC-dependent ethylene production
Data are obtained from Table 3. Total ethylene












Figure 12 Time course of ethylene production in dark and in light
Data are also obtained from Table 3. Ethylene
-4
production of control and 10 M ACC treated tissues















that light inhibited both ACC-dependent and endogenous ethylene
production, by 24% and 38% respectively.
Effect of CO on ethylene production by excised hook segments in2
dark and in light
Hook segments incubated in 25 ml vials with buffer solution
and 0.8% C0? were put in light and in dark. Ethylene production
were determined at 6 and 24 hrs. Figure 13 shows there was no significant
difference in ethylene production between light and light+CO treatments
in 6 hrs and 24 hrs. There was also no significant difference in
ethylene production in dark and dark+CO treatments after 24 hrs
incubation.
The effect of some chemicals on ethylene production and their relation
to hook opening (Table 4;
AOA, an inhibitor of ACC synthase, markedly inhibited ethylene
production. The inhibition is higher in light than in dark. In
addition, AOA at high concentration, lOmM, showed toxic effect on
hook tissues. AIB (cl -aminobutyric acid), the hydrogenated product
of ACC, has been shown to have inhibition on endogenous ethylene,
ACC and IAA-dependent ethylene production in cotyledonous tissues
of cocklebur by Satoh and Esashi (1980). However, in this hook
system, AIB showed no significant effect on ethylene production
in light and in dark. L-methionine increased ethylene production
in light and in dark, but the hook opening in light was inhibited
while that in dark was stimulated. ACC treatment stimulated ethylene
production in light and in dark with a corresponding decrease in
hook angles.
In ACC+AIB treatment, it showed no antagonistic effect of AIB
on ACC dependent ethylene production.
Figure 13 Effect of 00, on ethylene production
Twenty hook segments were incubated in 25 ml vials
with 0.5 ml 0.05M phosphate buffer (pH7) and sealed
with serum caps. 0.2 ml of 100% CO was injected into
the vials, resulted in 0.8% 00• Ethylene production














Table 4 Effect of Some Chemicals in Ethylene Production and Hook Opening by Excised Hook Tissues
Light






































lOmM for A0A, AIB and L-met. treatments
5mM for ACC, and ACC +AIT treatments
A0A: aminooxyacetic acid; AIB: ot-aminoisobutyric acid;
ACC: 1-aminocyclopropane-l-carboxylic acid
Effect of L-methionine 011 ethylene production in hook segments
Since methionine is a precursor for ethylene production, exogenous
application of methionine stimulated 6 folds ethylene production
in light but only stimulated 2 folds in dark (Fig. 14). From this
result, it is suggested L-methionine itself may have different effect on ACC
to ethylene conversion between light and dark treatments. When
-4 -3
hook segments were incubated in 5x10 M ACC and 5x10 M methionine,
it showed 78% stimulation of ethylene production in light+ACC but
40% inhibition of ethylene production in dark+ACC group. According
to the above results, it is hard to say that L-methionine has stimulatory
effect on ACC to ethylene conversion in light, since L-methionine
is also a source for ethylene production. However, its inhibitory
effect on ACC to ethylene conversion in dark can be actually demonstrated.
From Table 4, the increase in hook angles in dark+Met treatment
(in comparing with dark control) was probably due to the inhibition of
ethylene production in the first few hours by methionine itself, since
the lag period of hook opening is about 4-6 hours (Fig.2).
Distribution of ACC and T-ACC in etiolated seedlings
Etiolated seedlings were cut into 7 parts, leaf+bud, hook,
cotyledons, hypocotyi (upper, middle and lower portions) and root.
The distribution of ACC and T-ACC are reported in Table 5a. The
highest concentration of ACC was located in the leaf+bud region,
5.82±0.32 nmolgm. fr. wt., with a corresponding high T-ACC concen¬
tration of 20.93±2.26 nmolgm, fr. wt. On the organ basis, hypocotyi
and root contained 75% of free ACC and 69% of T-ACC of the seedling.
Very low content of free ACC and T-ACC were located in leaf and
hook.
Ethylene production seems to have no relation w7ith ACCT-ACC
ratio (Table 2 and Table 5a). High ACCT-ACC ratio did not result
Figure 14 Effect of methionine on ethylene product!on
See text.
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Table 5a ACC and T-ACC Distribution in Etiolated Seedlings
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5.82 ±0. 32


































TOTAL 1 .37+0.06 4.2110.21 0.48
in high ethylene production, instead low ACCT-ACC ratio resulted
in high ethylene production in leaf+bud and in root.
Table 5b shows the ACC, T-ACC and ethylene production in different
parts of etiolated seedlings. Hooks contained 8.1% of ACC in a
seedling and produced a corresponding 8.8% CHCotyledons contained
12.6% ACC but it produced only 2.9% C_H.. However, quite different2 4
result was obtained in root, which contained 20.4% of ACC but produced
39.4% of ethylene.
Changes of ACC, C-ACC and T-ACC levels in hook regions of intact
seedlings after illumination
During the course of illumination, there was a steady increase
of T-ACC, the content of T-ACC in hook segments has increased two
folds. (Fig. 15a) At 0 hour, the ratio of C-ACC to ACC was about
4, while at 24 hour, the ratio increased to 10. However, only a
slight drop of free ACC content was observed during the course of
illumination. There was no change in ACC and T-ACC of the seedlings
in the dark during this 24 hour period.
The change in the% of ACC, C-ACC and T-ACC during illumination
are expressed in Fig, 15b. There was 150% increase in C-ACC, 100%
increase in T-ACC. There was 20% drop in ACC content in the first
10 hours and then nearly restored to the original level after 12
hours. Since there was no accumulation but slight reduction of
ACC during illumination, the effect of light on ethylene production
may not act on the conversion step of ACC to ethylene. The reduction
in ethylene production in hook region under light might due to the
decrease in ACC content. The decrease in ACC might be resulted
from the conjugation of ACC to C-ACC which was activated by light.
Time course study on% change of ACC in hook segments of excised
and intact plant tissues after illumination
Table 5b Relation of ACC and Ethylene Production in Different Parts of Etiolated Mungbean
Seedlings






































Figure 15a Changes of ACC, C-ACC and T-ACC levels in hook regions
of intact seedlings after illumination
At different time intervals, hooks excised
from etiolated seedlings under illumination were excised
and homogenised in 80% EtOH, ACC is represented by n
moleg fr. wt., C-ACC is calculated by the difference









Figure 15b The change in the% of ACC, C-ACC and T-ACC during
illumination











Changes in percentage of ACC in excised and intact: hook tissues
are showed in Fig. 16. It appears the inhibition of ethylene production
by light is due to the drop in ACC. From Figure 16, excised hook
showed 47% light inhibition of ethylene production. Assuming that
ACC level is proportional to ethylene production, there should be
21% light inhibition in ethylene production in the hook regions
of intact plants.
Effect of lisht on the conversion of exogenous ACC to coniueated
Af.P. i n pvci qpH hnnV epcrmpnf c?
Hook segments of 4-day etiolated seedlings excised under green
light, were immersed in lOmM ACC for 1 hr. Figure 17 shows the
change of C-ACCACC in light and dark. From the figure, it is noted
that the C-ACCACC ratio increased more rapidly in light than in
dark. It appears light stimulated ACC conjugation in comparison
x-jith dark.
Conversion of ACC to C-ACC in excised hook tissues after 20 hr incubation
in PYogp.noiis ACC
-2 -3 -4
Excised hook segments were incubated in 10 M, 10 M, 1.0 M,
-5 -2
and 10 M for 20 hrs. Except in 10 M ACC treatment, the extractable
ACC level in hook tissues is always higher in dark than in light.
While C-ACC level in light was always higher in dark than in light.
(Table 6) The stimulatory effect of light on conjugated-ACC formation
was also observed in this experiment.
By plotting% log T-ACC of control vs. log conc. of exogenous
ACC (Fig. 18a), no significant difference between T-ACC in light
and in dark treatments was observed.
The ratio of C-ACCT-ACC and C-ACCACC vs. log ACC concentration
are shown in Fig. 18b and 18c respectively. The C-ACCT-ACC and
-2
C-ACCACC ratios in light were higher than in dark except in 10 M
-3 -4 -5
ACC treatment. At 10 ,10, 10 and 0M AGO concentrations, light
stimulated conjugation of ACC to C-ACC in comparison to dark. The
ratios (C-ACCT-ACC and C-ACCACC) reached the maximum at about
-4 -2
10 M ACC. At higher concentrations, such as 10 M, conjugation
may be masked by high background of exogenous ACC and this might
lead to the drop of the ratios.
ACC, C-ACC and T-ACC levels after L-methionine treatment in light
and in dark
As in the previous experiments, lOmM L-methionine instead of
ACC was added to the incubation medium for excised hook segments.
After 20 hours of incubation, hooks were extracted with 80% EtOH
for ACC and T-ACC determination.
Table 7 showed that T-ACC level was almost the same in light
as in dark. However, there was higher level of C-ACC and lower
level of ACC in light in comparison with dark, which resulted in
higher ratios of C-ACCACC and C-ACCT-ACC in light. It seems to
suggest that light does not affect on ethylene production per se,
but rather on the stimulation of C-ACC formation.
Figure 16 Time course on% change of ACC in hook segments of excised
and intact plant tissues after illumination
A, B, C and AB are% of areas which may represent




















F i en i r p 17 Effect of light on the conversion of ACC to conjugated-
ACC in excised hook segments
Hook segments of 4 day etiolated seedlings, excised
under green light, immersed in lOmM ACC for 1 hr before
light and dark treatments. The changes of C-ACCACC



















































































Figure 18a Extractable T-ACC in response to exogenous ACC
Data are obtained from Table 6,% log(T-ACC) of
control vs. log concentration of exogenous ACC is plotted.
300
100








Figure 18b c Changes of C-ACCT-ACG and G-ACCACC ratios 1.n
light and dark treatments
Data are also obtained in Table 6. The ratios



















Table ACC, C-ACC and T-ACC Levels After Methioni ne Treatment (20 hrs)
Treatment n mole20 hooks













10 mM for L-methionine treatment
Discussion
The control of hook opening mediated by phytochrome is well
established (Klein, 1965; Mohr and Haug, 1962; Kang and Ray 1969c).
Many studies concerning this phenomenon, in general, used red light
to trigger this response (Goeschl and Pratt, 1965; Rubinstein, 1971b).
In order to simulate the actual condition, white light instead
of red light was used in this investigation. From the results shown
in Figure 2, hooks opened after a lag period of four to six hours
under continuous illumination with white light.
Like other physiological phenomena, hook opening response is
controlled by various kinds of factors, for example, phytochrome,
hormones, ions and enzymes etc. In intact seedlings, the physiological
condition of the tissues and the environmental condition may even
complicate the study of this phenomenon.
It is interested to note that the effect of cotyledons on hook
opening in cotton and beans is exactly opposite. The presence of
cotyledons in cotton enhances the hook opening while inhibits this
phenomenon in beans (Powell and Morgan, 1970). Powell and Morgan
suggested that there might be some substances transporting between
cotyledons and hook, not the weight of cotyledons, which affects
the opening of the hook. In this investigation, the presence of
cotyledons in mungbean inhibited the hook opening, while the removal
of the cotyledons enhanced the opening (Table la and lb). Further¬
more, the removal of root in mungbean inhibited the hook opening.
This is probably due to the deprivation of water supply to the hook
tissues. From Table lb, it appears that cotyledons and root acted
independently but not synergistically on hook opening. Experimental
data have shown that the terminal parts of the seedling, leaf, bud
and cotyledons, play a more significant role in controlling hook
opening than other tissues (Gee and Vince-Prue, 1976).
Among various kinds of hormones, ethylene seems to be the most
important one in controlling hook opening. Other hormones, such
as IAA, cytokinin, ABA and OA may exert their effect through ethylene
production (Kang et al, 1967, Yopp et al, 1979).
Exogenous ethylene showed inhibitory effect on hook opening
in both light and dark. As shown in Figure 5a, 350 ppm of ethylene
completely prevented the hook from opening. In some cases, the
hooks even curved to the opposite direction in light. Kang et al
(1967) reported that ethylene concentration of 0.1 ppm was sufficient
to prevent the opening process. The subsequent removal of ethylene
will cause the hook to open (Figure 5a). The rate of hook opening
(Figure 5b) increased in seedlings with longer ethylene pre-treatment.
From the peroxidase isozyme pattern of hook tissues, it is
observed that two isoperoxidases were induced when seedlings put
under light (Figure 6). Whether these two induced isoperoxidases
involved in controlling hook opening or not, requires further investi¬
gation.
Ethylene production of the whole seedling was inhibited in
light and remained high in dark in mungbean (Figure 8). Etiolated
seedlings, after illuminated for 12 hours and then subsequently
returned to dark, could not restore the ethylene production to the
original level before illumination (Figure 8). This indicates that
light inhibition of ethylene production cannot be restored when
green seedlings were put back to dark. Apparently, some irreversible
biochemical reactions have taken place. This result is in agreement
to those obtained from tobacco green leaves which showed no change
in endogenous ethylene production between light and dark treatments
(Gepstein and Thimann, 1980; de Laat et al, 1981). Most of the
ethylene production were inhibited after 4 to 8 hour of illumination
in intact seedlings (Figure 8). The effect of light on ethylene
production in plant tissues is contradictory among different workers.
Most investigations revealed that light inhibits ethylene formation
(Goeschl et al, 1967; Imaski et al, 1971; Kang and Burg, 1972; Samimy,
1978; Gepstein and Thimann, 1980; Wright, 1981; de Laat et al, 1981),
but the opposite results have also been reported (Buhler et al,
1978; Dei, 1981). A recent paper by Rohwer and Schierle (1982)
reported that light increased ethylene production in etiolated pea
seedlings. They found that red light stimulated ethylene production
due to an increase of ACC content and 'ACC oxidase activity' in
epicotyl. Their result is in contradiction to Goeschl et al (1967).
Table 2 shows the ethylene production in different parts of excised
seedlings in light and in dark. It is noted that leaf+bud and hook
tissues showed significant light inhibition while the hypocotyl
showed slightly stimulation of ethylene production. The ethylene
production in excised plant was higher than those in intact plant
(Figure 9). This is probably due to the wound ethylene production.
It seems clear that light can both stimulate and inhibit ethylene
production depending on the type of tissues used.
The rate of ethylene production in excised hook segments was
0.120 nlghr in rnungbean seedlings, while in hook of pea seedlings
6 nlghr and 0.43 nlghr were reported by Goeschl et al (1967)
and Burg and Burg (1968) respectively. The different values of
ethylene production reported is probably due to the differences
of plant tissues used as well as the condition of the experiments.
The ethylene production in plant tissues has been elucidated
(Adams and Yang, 1979; Yung et al, 1982). Recently, Hoffman et
al (1982) and Amrhein et al (1981) have reported that malonyl-ACC
as the major conjugated form of ACC in higher plants. In this inves¬
tigation, the effect of light on ethylene production, ACC and C-
ACG levels were studied.
In studying of ACC-dependent ethylene production of hook segments
(Table 3, Figure II and Figure 12), it also showed that light inhibited
ethylene production, In this system, lOmM ACC have not saturated
the ethylene forming enzyme. It generally required high concentration
of ACC to saturate the ethylene forming system, for examples, .in
microsomal membrane of senescing carnation flowers (Shimon et al,
1981), it required 50mM ACC; and the Km of ethylene forming system
in homogenates of etiolated pea seedlings was 398mM ACC (Konze and
Kende, 1979).
It has been reported that light inhibition of the conversion
of ACC to ethylene in green leaves which may be resulted from a
decrease in internal CO concentration (Kao and Yang, 1982). It
is interested to investigate whether the same mechanism is operated
in light inhibition of ethylene production in hook tissues. From
Figure 13, 0.8% C0 had no effect on ethylene production by the
hook tissue both in light and in dark. Since hook segments are
not green tissues, light probably will have no effect on the CO
level of this tissue. Thus, the effect of light on inhibition of
ethylene production in the hook tissue may not be mediated by controlling
the CO level in this tissue.
The fact that the inhibition of hook opening by chemicals which
are capable to induce ethylene production is well established (Kang
and Ray, 1969b; Yopp et al, 1979). Ethylene production and hook
opening response have been discussed in the result section (Table
4), and the complicated effect of L-methionine on hook opening is
also discussed in Figure 14.
From Table 5a and Table 5b,% ethylene production of different
parts of an etiolated seedling is proportional to% ACC or% T-
ACC in leaf+bud and hypocotyl sections. In cotyledons, it contained
12.6% ACC and 19.4% T-ACC of a seedling, but could only account
for 2.9% of ethylene production in a seedling. Root contained only
20.4% ACC and 27.2% T-ACC, but it accounted for about 40% of ethylene
production. As from the ratio ACCT-ACC in Table 5a or %ACC%T-
ACC in Table 5b, it is noted that more bound form of ACC is found
in the two ends of a seedling. Yang et al (1982), have stated that
the conjugated ACC level may be an indicator of stress that the
tissue has endured.
The discovery of conjugated form of ACC is through the studies
of stress ethylene production (Konze and Kwiatkowski, 1981; Kende
and Boiler, 1981; Boiler and Kende, 1980). However, the release
of stress leads to a rapid reduction in ethylene production and
a decrease in ACC concentration and the reduction in ethylene production
is due to the conversion of ACC to conjugated-ACC (Apelbaum and
Yang, 1981). Subseqently this conjugated-ACC was identified as
l-(malonylamino)-cyclopropane-l-carboxylic acid by Hoffman et al
(1982) and Amrhein et al (1981) independently. Malonyl-ACC has
also been isolated in peanut seeds (Hoffman et al, 1983). Data
also suggested that conjugated ACC released very sloi7ly during the
synthesis of ethylene (Yang et al, 1982; Hoffman et al, 1983).
Figure 15a and 15b show the changes of ACC, C-ACC and T-ACC
in hook tissues of intact mungbean seedlings during the course of
illumination. A slight decrease instead of accumulation of ACC
was observed in hooks of intact plants during illumination. On
the other hand, a steady increase of T-ACC was observed (Figure
15a). This seems to suggest that the inhibitory effect of light
on ethylene production may be through the decrease of ACC in hook
tissues. The decrease of ACC is probably due to the stimulation
of ACC conjugation in light (Figure 15b). A continuous decrease
of ACC level in excised hook segment was also noted, but the pattern
of decrease was quite different from that of hooks in intact plants
(Figure 16). This may be due to: 1) in intact plant, ACC might
be transported to the hook tissue from other parts of the seedling,
andor 2) higher ACC-conjugation in excised hook segments.
It has also been demonstrated that light-stimulated conjugation
process by exogenous ACC. Results from hook tissues pre-incubated
for 1 hr or incubated for 20 hr in ACC supported that light stimulated
the conjugation process (Figure 17, Table 6, Figure 18b and 18c).
In the study of exogenous ACC effect on conjugation process, it
was noted that over 75% of ACC (lOmM incubation for 1 hour) incorporated
in hook segments were being conjugated in the first four hours in
both dark and light treatments (data not shown).
It is evident that the hook opening in mungbean seedlings is
controlled by the ethylene production of the tissue. Light has
stimulatory effect on hook opening by suppressing the ethylene
production in the hook tissues. From the results shown in Figure
15a, 15b, 16, 17, 18bc, Table 6 and 7, it is obvious that the inhibitory
effect of light on ethylene production is by the stimulation of
ACC-conjugation, and eventually, leads to the stimulation of hook
opening.
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